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© A drive circuit for a printer. 


© A drive circuit for driving plural printing elements of a print head for a printer comprises a store (14) for 
receiving signals representing printing data for a line of print, and a further store (16) for receiving signals 
representing predetermined correction codes. Output control means (17) are arranged, in response to such 
signals, to control an output circuit (18) for generating plural outputs for driving the printing elements 
respectively for printing the line of print. The output control means and the output circuit co-operate such that 
the amplitudes of the outputs are selectively adjusted according to the correction codes whereby to compensate 
for variation in the characteristics of the respective printing elements and/or of circuit elements of the output 
circuit for supplying the respective outputs. 
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A DRIVE CIRCUIT FOR A PRINTER 


The present invention relates generally to a drive circuit for a printer, such as an LED printer or a 
thermal printer. 

A conventional LED printer has an array of LEDs corresponding to a line to be printed, and each LED of 
the array is controlled as to its duration of light emission so that a desired print density can be obtained. A 

5 typical LED control circuit provided in an LED printer is illustrated in Figure 17. The control circuit 
comprises a mam store 1 . provided for example by a main frame computer, for generating data signals and 
the like, an integrated circuit 3 for driving an LED print head, and a ROM for storing correction codes. The 
LED control circuit also has a micro-processor 5 which, based on the data signals generated by the main 
store 1. controls the integrated circuit 3 and the ROM 4. The integrated circuit 3 for driving the LED print 

10 head comprises an output transistor array 6 consisting of field effect transistors, each of which is connected 
to a respective LED of an LED array 7 in the form of an integrated circuit. The period of emission of the 
individual LEDs is controlled so that a variation in emission strength among the LEDs can be corrected. 

Operation of the LED control circuit is as follows. On receiving a data signal for a line of print from the 
main store 1, the micro-processor 5 generates and delivers a control signal to the ROM 4. so as to obtain 

/5 correction code data from the ROM 4. The micro-processor 5 then corrects the individual bits of the printing 
data for the line of print in accor dance with the correction code data to thereby produce corrected printing 
data. The corrected printing data is supplied to a flip-flop constituting the least significant bit of a shift 
register 8. The data correcting operation is carried out such that each bit of the printing data for the line of 
print is sequentially converted into corrected printing data consisting of three latch cycles, each latch cycle 

20 being selected to vary the duty ratio of the driving signal for the LED. 

Suppose that the LED at the left hand side in the LED array 7 has the lowest emission strength among 
the LEDs in Figure 1 7. A correcting operation to adjust for such emission strength in this case is carried out 
"as follows. A correction code representing a value of 7 is stored before-hand in the ROM 4 at an address 
corresponding to this left hand side LED. The main store 1 provides the micro-processor 5 with printing 

25 data for a line of print including one bit for driving the left hand side LED. Upon receiving this bit. the micro- 
processor 5 generates and supplies a control signal to the ROM 4 to obtain therefrom the correction code 
data for the .line including the correction code valued 7 for the left hand side LED. In response to this 
correction code data, the micro-processor 5 produces a series of three bit values as corrected printing data 
signals and delivers them to the shift register 8 in response to a latch signal. 

30 Referring now to Figure 18. the printing operation for the tth line will be described. The data signal for 
the tth is firstly converted into three blocks of corrected printing data signals l», l 2 , l 3 . The first corrected 
printing data signal 1 1 is stored in the shift register 8 in response to a clock signal and is supplied from the 
shift register 8 to a latch array 9 in response to a latch signal Li . The first corrected printing data signal Li 
includes a logically high bit corresponding to the left hand side LED. and so the left hand side latch is 

35 maintained logically high. In synchronisation with the delivery of the latch signal Li , the micro-processor 5 
delivers an enable signal having a pulse width of 4t to an output control circuit 10. The output control circuit 
10, which comprises an array of AND gates and voltage level shift circuits (which are denoted simply as 
"AND" in Figure 17). delivers a control "ON" signal to the left hand side FET of the transistor array 6 while 
the enable signal is being supplied from the micro-processor 5. The left hand side FET is switched to an 

40 ON state by the control "ON" signal and. during the ON state, permits current to pass from a power supply 
V ss to the left hand side LED. Thus, the left hand side LED is driven to emit light during the period of 4t. By 
the end of this 4t period, the second corrected printing data signal 1 2 has already been supplied to the shift 
register 8. Therefore, the second corrected printing data signal is latched by the latch circuit in response to 
the next latch signal L 2 . 

45 The second corrected printing data signal 1 2 includes a logically high bit corresponding to the left hand 
side LED and so the left hand side latch circuit is held logically high on receipt of the latch signal L 2 . The 
supply of the latch signal L 2 coincides with the delivery of an enable signal having a pulse width of 2t to the 
output control circuit 10, which drives the left hand side LED through the left hand side FET to cause the 
LED to emit light for the period of time 2t. 

50 Likewise, the third corrected printing data signal la has been stored in the shift register 8 during the 
delivery of the enable signal constituting the pulse having a pulse width of 2t. The third corrected printing 
data signal is latched by the latch circuit in response to the latch signal L3. At this time, the left hand side 
latch circuit is also maintained logically high. The output from the latch circuit and an enable signal having a 
pulse width of 1t are supplied to the output control circuit 10, so that the left hand side FET is turned "ON", 
which, in turn, makes the left hand side LED emit light for a period It 
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As mentioned above, the enable signal includes the pulses of pulse width 4t. 2t and It. each pulse 
being delivered to the output control circuit 10 in response to one of the latch signals. In the output control 
circuit 10. the printing data signal is converted into three driving signals in a row in accordance with the 
corrected printing data signals l«. l;. li. 

5 In the above, as the left hand side LED has the weakest emission strength and the correction code 
stored for it in the ROM 4 is the maximum value (= 7), the LED is controlled to emit light intermittently for 
the entire period of time 7L Likewise, in response to the stored values in the ROM 4. the other LEDs are 
controlled so as to emit light for periods incrementing from it to 7t as appropriate, so that the emission 
strength of the respective LEDs is compensated and, therefore, the print densities obtained from the LEDs 

10 of different emission strengths are adjusted to a desired standard. 

As mentioned above, the integrated circuit for driving the LED print head controls the light emission 
period of each LED to adjust the total emission quantity of each LED to a desired level, in order to avoid 
unevenness in the printing due to a variation in emission strength among the LEDs or due to a variation in 
current carrying capacity among the FETs forming the output transistor array. In other words, the FETs 

>5 corresponding to the respective LEDs are controlled to vary their "ON" times in seven steps by means of 
the respective three latch cycles. 

However, this adjustment needs the three latch cycles in each line printing operation. An LED printer 
with this adjustment control can only have its printing speed increased by reducing the pulse width, which 
is limited to a certain extent. In particular, an LED printer of the type having a large number of LED 

20 positions for a line of printing cannot easily achieve a desired high speed printing operation. Moreover, it is 
necessary to produce a series of three corrected printing data bits in accordance with the enable signal for 
each LED and each line printing operation, which necessitates a complicated program or complicated 
control of the micro-processor 5. 

Accordingly, it is an object of the present invention to provide a drive circuit which is capable of 

25 adjusting the output strength of a plurality of printing elements to be driven by varying the amplitude of the 
drive signals supplied to each of the elements. 

Another object of the present invention is to provide a drive signal supply circuit, which comprises a 
plurality of switching elements for driving each of the printing elements. 

According to the present invention, there is provided a drive circuit for driving plural printing elements 

30 of a print head for a printer, comprising a store for receiving signals representing printing data for a line of 
print, an output circuit responsive to such signals for generating plural outputs for driving the printing 
elements respectively for printing the line of print, and output control means responsive to predetermined 
correction codes for selectively adjusting the outputs whereby to compensate for variation in the char- 
acteristics of the respective printing elements and/or of circuit elements of the output circuit for supplying 

35 the respective outputs, characterised in that the output control means and the output circuit are arranged to 
co-operate such that the amplitudes of the outputs are adjusted according to the correction codes. 

In a preferred embodiment of the present invention, the output circuit comprises an integrated circuit 
having a plurality of switching means for controlling the current supply from a power source to respective 
printing elements to be driven, such as LEDs. Each of the switching means constitutes a current 

40 synthesising circuit which comprises N switching elements having substantially the same current capacity 
and being connected in parallel with each other. The N switching elements are selectively energised to 
produce a current having N amplitude levels, whereby the amount of current supplied to the printing 
elements can be varied by N degrees (N + 1 degrees if a current level of zero is counted). Therefore, each 
of the printing elements is supplied with current of adjusted level so that the output capacity of each such 

45 element can be adjusted to a desired value. Thus, a variation in output capacity among the printing 
elements, caused either by a variation in the capability of the printing elements themselves or in the current 
capacity of the switching means, can be corrected or at least reduced. 

Advantageously, the above N switching elements, constituting each of the switching means, are divided 
into n groups, and each group of the switching elements is controlled by a respective bit of an n bit digital 

so control signal. The i-th group of the switching elements includes 2 s * 1 of the switching elements, and is 
supplied with the i-th bit of the control signal as a common control input "N" and "n" are positive integers 
satisfying the following equation: 

n 

1 £ i £ n, Z2 i "'= 2 n - 1 =N 

i • I 
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According to the arrangement of the switching elements in this instance, the number of the control lines 
for the supply of the control signals to the switching elements can be reduced to n. which is much smaller 
than N. Thus, deposition of the control lines on an integrated circuit can easily be obtained. In contrast, if N 
switching elements are controlled independently through individual control lines, the number of the control 
5 lines for each switching means becomes as much as N. This tends to result in a lack of space for the 
overall circuit configuration and semi-conductor layout. 

Each of the switching elements, which has a current capacity as a quantified unit of current output, may 
be a single field effect transistor or a parallel connection of two or more field effect transistors. The 
switching element will normally be a single field effect transistor. However, in view of semi-conductor layout, 
10 it is possible that the quantified unit of the current output {corresponding to resolution) will not be obtained 
through a single field effect transistor. In this case, each of the switching elements may be two or more field 
effect transistors to increase the total amount of current capacity thereof for defining the quantified unit of 
current output. 

In addition, output pads corresponding respectively to each of the switching means are normally 

is arranged in a row. and so each switching means is preferably arranged between adjacent output pads. In 
this case, it is preferable for the N switching elements to be formed in a semi-conductor substrate such that 
they are of the same shape and size, and are arranged in a line at the same intervals to form a switching 
element array. The array of N switching elements can extend in the channel direction of the field effect 
transistors, or in the direction normal to that. 

20 Where the switching elements have the same current capacity, the output current will increase in 
proportion to the number of the switching elements to be driven. For instance, the current level is increased 
by two times if four switching elements are energised by the fourth bit of an n-bit digital signal in 
comparison with that obtained by two switching elements being energised by the second bit of the digital 
signal. However, owing to manufacturing inaccuracy, a plurality of the switching elements cannot easily be 

25 produced on a semi-conductor substrate such that they have equal current capacity, even if they are 
formed to the same shape and size. In the photo-lithographic process for forming, for example, gate 
electrodes of field effect transistors, the resulting gate electrodes are inevitably different in shape, although 
by very little, due to the manfucturing inaccuracy, which causes variation in the current capacity of the field 
effect transistors or switching elements. Consideration must be given to this variation in current capacity 

30 among the switching elements, otherwise the output current of each switching means cannot be expected to 
increase in proportion to the number of switching elements to be energised. 

It is observed that, where a plurality of switching elements, such as field effect transistors, are arranged 
in an array on a semi-conductor substrate, the variation in the current capacity among the switching 
element shows monotonic characteristics in the direction of the array. A typical example is that the current 

35 capacity increases monotonically in the direction from the switching element positioned at one end of the 
array to that positioned at the other end thereof. In this case, the switching element positioned at the middle 
of the array exhibits approximately an average current capacity, while those positioned at one side of the 
array exhibit lower current capacity and those at the opposite side exhibit higher current capacity. If N 
switching elements are divided into n groups such that the switching elements belonging to the first to the 

40 last n-th groups are positioned in this order from one end of the array to the other, the average current 
capacity of the switching elements belonging to each group will differ among the groups. Thus, there is a 
possibility that the output current will drop when energisation of the switching elements is shifted from one 
group to the next one adjacent to it. 

In order to avoid this defect, according to one aspect of the present invention, there is provided a drive 

45 signal supply circuit having a plurality of switching means, each constituting an array or row of switching 
elements, wherein the switching elements of each switching means are appropriately divided into n groups 
so that the variation in the current capacity existing among the switching elements due to manufacturing 
inaccuracy can be corrected or minimised. In a preferred embodiment, the first one of the n groups 
includes a single switching element which is situated at the middle of the array. The switching elements 

so disposed one by one in the direction from the middle switching element to both ends of the array are then 
divided amongst the n groups in the following order, which is symmetrical relative to the middle switching 
element: 

n - (n-1) - n -~ (n-2) - n - (n-3) -*'"*n->2 — n-'*'*— n — (n-2) - n - (n-1) — n 

With such an arrangement, the middle switching element belonging to the first group displays an 
55 average current capacity, and the average current capacity for the switching elements belonging to each of 
the other groups is also substantially the same value. This ensures that digital values for the n-bit control 
signal correspond linearly to the output current level of each of the n groups even when variation in the 
current capacity exists among the individual switching elements arranged in the array. In addition, even if 
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the switching elements exhibit a current capacity which varies monotonically along the array, the output 
current level is at least expected to increase monotonically. The arrangement of the switching elements 
according to the present invention enables a current synthesising circuit or digital-to-analog converter (DAC) 
to be realised without undesirable drop in current due to the variation in the current capacity among the 

5 switching elements arranged in an array. 

In the above described array, each switching element may constitute one or more switching transistors, 
such as field effect transistors. Where each of the switching elements constitutes two or more switching 
transistors, the transistors comprising one switching element can be positioned adjacent to one another or 
such that a switching transistor forming another switching element from another group is interposed 

w between them. More specifically, in the case of an array of switching elements wherein each of the 
switching elements constitutes two or more field effect transistors positioned symmetrically in the array and 
connected in parallel with each other, the transistors may be arranged such that the transistors forming one 
switching element belonging to one group are positioned with other transistors belonging to another group 
interposed between them. 

;s On the other hand, in the case that the current capacity of the switching elements from one end of an 
array to the other shows unevenness and follows a curve having a turning point, as opposed to a 
monotonically increasing or decreasing curve as described above, switching elements constituting two or 
more switching transistors are preferably arranged as follows. The two or more switching transistors 
belonging to the first group are arranged to have their centre of gravity positioned in the centre of the array. 

20 The switching transistors belonging to the respective remaining groups are arranged so that the switching 
transistors of each element, respectively, have their centres of gravity arranged in the following order in the 
direction from said centre of gravity of the first group to both ends of the array, the order being expressed 
by the group numbers 1 to n to which the switching transistors belong: 
n - (n-<) — n — (n-2) - n — (n-3) — • • ' 'n— 2- n- — (n-2)- n— (n-1)-* n 

25 According to this arrangment. the variation in current capacity among the switching elements can be 
overcome or corrected to a greater extent that if the switching transistors belonging to the same switching 
element were disposed adjacent to one another. In particular, the variation in current capacity among the 
switching transistors along the array can effectively be compensated where such variation exhibits a 
characteristic curve having a turning point around the centre of the array. Thus, the linearity of current 

30 output in response to digital input can -be improved considerably. 

In a preferred embodiment, each switching means is provided with one or more field effect transistors, 
which have a relatively high current capacity compared to the switching transistors comprising the switching 
elements and which is or are common to all of the switching elements in the switching means. With this 
configuration, the output current from each of the switching means can be modified in N steps of smaller 

35 degree without increasing the number of switching means. 

In another aspect of the present invention, there is provided an electronic device having the above 
mentioned drive signal output circuit. 

The present invention may be employed in an LED printer, but also in a plasma display device or the 
like, which is provided with plural elements to be driven. In the case of a plasma display device, a DAC 

40 according to the present invention may be used for tonal displaying. 

The present invention will be described further, by way of example, with reference to the accompanying 
drawings, wherein :- 

Figure 1 is a schematic block diagram of a control circuit for an LED printer, incorporating a drive 
circuit according to the present invention; 
45 Figure 2 is a detailed block diagram of a portion of the drive circuit; 

Figure 3 illustrates in detail a control and level shifting circuit comprising a portion of an output 
control circuit of the drive circuit; 

Figure 4 illustrates in detail a current synthesising circuit comprising a portion of an output circuit of 
the drive circuit; 

50 Figure 5 is a timing chart for illustrating the operation of the drive circuit; 

Figure 6 is a schematic plan view illustrating a chip layout for the drive circuit; 
Figure 7 is a plan view showing the semi-conductor structure of the current synthesising circuit; 
Figure 8 (a) to 8 <d) are sectional views taken along the lines Villa - Vlll'a, Vlllb - Vllf b, Vlllc • Vlll'c 
and Vllld - Vllf d in Figure 7. respectively; 
55 Figure 9 is a graph showing a characteristic line representing the variation in current capacity of 

switching transistors arranged in an array on a semi-conductor substrate in the current synthesising circuit, 
together with a characteristic line representing their output current with respect to a hypothetical digital input 
signal; 
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Figure 10 is a graph representing a linear variation in current capacity of the switching transistors, 
together with a tinear variation in their output current with respect to a digital signal in the preferred 
embodiment of the present invention; 

Figure 11 is a graph representing a monotonic variation in current capacity of the switching 
5 transistors, together with a monotonic variation in their output current with respect to a digital input signal in 
a variation on the preferred embodiment of the present invention; 

Figure 12 illustrates an alternative arrangement for the current synthesising circuit; 

Figure 13 is a graph representing a linear variation in current capacity of the switching transistors in 
the arrangement of Figure 12. together with a linear variation in their output current with respect to a digital 
to input signal; 

Figure 14 illustrates a further arrangement for the current synthesising circuit; 
Figure 15 is a schematic view showing the pattern of the arrangement of Figure 14; 
Figure 16 is a graph representing a variation in current capacity of the switching transistors of Figure 
14. which follows a curve exhibiting a turning point at a position near the centre of the transistors, together 
is with a monotonic variation in their output current with respect to a digital input signal: 

Figure 17 is a block diagram of a conventional control circuit for an LED printer; and 
Figure 18 is a timing chart for illustrating the operation of the control circuit of Figure 17. 
Figure 1 illustrates a control circuit for an LED printer having a drive circuit according to the present 
invention. The control circuit comprises a main store 1 provided by a computer for supplying signals, such 
20 as data signals, to a micro-processor 1 1 . The micro-processor 1 1 supplies control signals to a ROM (read 
only memory) 12 and receives from the ROM 12 correction code data. The correction code data is stored in 
the ROM 12 before-hand and is used for correcting the light emission of the LEDs forming a print head as 
described hereinafter. The micro-processor 1 1 also delivers the data signals, latch signals, the correction 
code data signals, enable signals and the like to an integrated circuit 13 for driving the LED print head. 
25 This integrated circuit 13 comprises a data shift register 14 which receives the data signals for a line of 
printing via the micro-processor 1 1 in response to a first clock signal from the micro-processor 1 1 , an array 
1 5 of latch circuits for receiving the contents of flip-flops (F Fs) in the data shift register 1 4 and storing them 
temporarily in response to the latch signal, and a correction data shift register 16 for serial parallel 
conversion of the correction code data signals in response to a second clock signal to produce 4 bit digital 
30 signals. The integrated circuit 13 also comprises an output control circuit 17 'for generating gate signals in 
accordance with the 4 bit digital signals and the enable signals, and an output circuit 18 having a plurality of 
current synthesising or switching circuits 18-1 to 18-m. these current synthesising or switching circuits 
being controlled by the gate signals. 

An LED array 19. in the form of an integrated circuit, comprises a plurality of LEDs 19-1 to 19-m. each 
35 connected to a corresponding one of the current synthesising circuits 18-1 to 18-m of the output circuit 18, 
such that the LEDs are supplied with electric current from a power source V S s so as to emit light when the 
corresponding current synthesising circuits are turned on. A photo-sensitive drum 20 is disposed in front of 
the array of LEDs 19-1 to 19-m. The reference numeral 2 designates the power supply for the device. 

Figure 2 illustrates the drive circuit 13 for the LED print head. The data shift register includes D type 
40 flip-flops 14-1 to 14-m. Each time a clock pulse of the first clock signal is supplied to a clock terminal 14a, 
and thence to a clock input C of each flip-flop, binary serial data at a data terminal 14b is shifted from each 
flip-flop to the next flip-flop of the higher stage. In this manner, serial data for a line of printing is converted 
into parallel data. 

The array 15 includes latch circuits 15-1 to 15-m in the form of D type flip-flops, which store temporarily 
45 the contents of corresponding stages of the shift register 14 in response to the latch signal when this is 
applied to a latch terminal 15a and thence to latch input C of the latch circuits 15-1 to 15-m. 

The correction data shift register 16 includes an array of 4m D type flip-flops, each having a correction 
code data input D. A correction data terminal 16b receives correction code data in the form of binary 4m-bit 
serial data and the input correction code data is shifted from one flip-flop to the next in response to pulses 
so of the second clock signal supplied to a clock terminal 16a. More specifically, the correction data shift 
register 16 comprises m partial shift registers 16-1 to 16-m, each including four D type flip-flops and 
generating 4 bit paralleT signals, such as (Bi*. B13, B12 and Bit) for correcting the intensity of light 
emission of a corresponding LED. 

The output control circuit 17 comprises m circuit portions 17-1 to 17-m, each circuit portion including 
55 control and level shifting circuits. Each of the control and level shifting circuits receives printing data (such 
as D M ) output from the corresponding latch circuit of the latch array 15, and at the same time receives 4 bit 
serial correction code data (such as Bi*. B13. B12 and Bn) from the corresponding partial shift register of 
the correction data shift register 16. The control and level shifting circuits then deliver 4 bit serial gate 
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signals to a corresponding current synthesising circuit (described below) in response to the enable signal, 
which is input to an enable terminal 17a. 

Referring to Figure 3. the control and level shifting circuit 17-1 of the output control circuit 17 is 
illustrated. The remaining circuits 17-2 to 17-m are of the same circuit structure as the circuit 17-1. 

5 The control and level shifting circuit 17-1 comprises a logic control circuit 21-1 and a level shifting 

circuit 22-1. In the present embodiment, the data signal D is set to be logically high where printing is to be 
carried out and to be logically low where printing is not to be carried out. In addition, the enable signal is 
set to be logically high for defining a printing period and to be logically low for defining a non-printing 
period. The logic control circuit 21-1 includes a print mode decision circuit 21-lc. which comprises a NAND 

w gate* 21 -1a for receiving the enable signals and the data signals D n . and an inverter 21 -1b serially 
connected to the NAND gate in order to set the LED 19-1. corresponding to the control and level shifting 
circuit 17-1. selectively to be on or off. The logic control circuit 21-1 also includes a respective NAND gate 
21-ld for receiving each bit of the correction code data signal and an inverter 21-le. The NAND gates 21- 
1d receive the 4 bit serial correction code data signals Bu, B-s. Bi 2 and Bi •) as correction data and the 

is print mode signal from the print mode decision circuit 21 -1c. and produce a 4 bit digital signal, which is 
supplied to a digital-to-analog converter of the respective current synthesising circuit (described below). The 
inverter 21 -1e inverts the print mode signal. 

The control and level shifting circuit 17-1 comprises five level shifting circuit portions of the same 
structure for producing an off-set gate control voltage OS: and gate control voltages Si*. Si 3 . Si 2 and Su 

20 for the digital-to-analog converter. Each of the level shifting circuit portions includes an inverter 22- 1a for 
inverting the output signal from the inverter 21-le or one of the NAND gates 21-1d. a transmission gate T M 
for receiving both the output signal from an inverter 22- lb and the inverted output signal as control inputs 
and for delivering an external gate bias voltage V GG . and a P channel MOSFET 22- 1c for setting the output 
of the transmission gate T M in its off state to be the same voltage as the external source voltage V ss . 

25 The print mode decision circuit 21-1c generates the print mode signal, which is converted into the offset 
control signal OSi whose voltage varies between the external gate bias voltage V GG and the external source 
voltage V ss . The outputs of the NAND gates 21-ld are also converted into the digital-to-analog coverter 
gate signals Si*. S<3, St 2 and Su having their voltage varying between the above voltages V GG and V^, 
respectively. 

30 Figure 4 illustrates the current synthesising or switching circuit 18-1 of the output circuit 18 shown in 
Figure 2. Each of the current synthesising circuits 18-1 to 18-m comprises a digital-to-analog converter and 
a field effect transistor for off-setting. 

The current synthesising circuit 18-1 shown in Figure 4 includes a current output type digital-to-analog 
converter 18-1a, comprising a parallel connection of fifteen P channel field effect transistors F T i to F T15 

35 having the same current capacity, and a single P channel field effect transistor F 0S i. having a current 
capacity which is one third of the total current capacity of the field effect transistors F T1 to F T is- Of these, 
one transistor F T8 is supplied with the signal Si « as a gate signal, two transistors F T4 and F T i 2 are supplied 
with the signal Si 2 as a gate signal, four transistors F T2 . F T6 . F T10 and F T n are supplied with the signal S13 
as a gate signal, and the remaining eight transistors F n , Ft3, Fts. Ft7, F T g. F T n. F T13 and F Tt5 are supplied 

40 with the signal Si* as gate signal. The transistors are set to be on when the corresponding gate signals are 
at a low level. The current synthesising circuit 18-1 is formed on a semi-conductor substrate, the structure 
of which will be described hereinafter. 

The operation of the above mentioned embodiment will now be described with reference to Figure 5. 
The operation begins with the supply of power from the power source 2. Then, the micro-processor 11 

45 delivers the control signal to the correction data storage ROM 12 which, in turn, provides the micro- 
processor 1 1 with the correction code data signals. The micro-processor 1 1 delivers the received correction 
code data signals along with the second clock signal to the correction data shift register 16. In the present 
embodiment, a line of print comprising m dots, and the correction code data signal is in the form of a 4m- 
bit serial digital signal, each 4 bits thereof representing the correction data for one dot. The micro-processor 

so 1 1 generates the correction code data signals and the second clock signal only for a predetermined period 
of time from the application of power. The first 4 bits of the serial digital signals are input into the flip-flops 
of the least significant bit of the shift register 16 in response to each pulse of the second clock signal and 
are thereafter transferred to the further partial shift registers. Thus, after 4m pulses of the second clock 
signal, 4m-bits of the serial digital signal have been stored in the shift register 16. Since the micro- 

55 processor 1 1 does not generate the second clock signal after that, the serial digital signal or correction code 
data is maintained in the shift register 16. Consequently, by way of example, the partial shift register 16-1 of 
the shift register 16 is maintained such that the first bit of Bn, the second bit of B t2 , the third bit of Bi 3l 
and the fourth bit of Bn, representing the 4 bit signal (corresponding to one dot correction data) appear at 
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the output terminals thereof. 

After the correction data signal is stored in the shift register 16. the first clock signal is generated and. 
in response to that, the data signal is delivered to the data shift register 14 via the micro-processor 11. 
Assuming D, is the print data for the i-th line to be printed, the data Dj is stored in the data shift register 14 
s in response to m pulses of the first clock signal. The micro-processor 1 1 then generates the latch signal L, 
and delivers it to the latch circuit array 15. In response to the latch signal, the latch circuits 15-1 to 15-m 
receive and retain therein the outputs (the data Q t ) of the corresponding flip-flops 14-1 to 14-m. Thus, the 
data 0,i to D iin appears at the outputs of the latch circuits 15-1 to 15-m. 

Next, the printing operation of the LEDs will be explained, taking the LED 19-1 as an example. When 

to the enable signal becomes logically high, a decision as to whether the LED 19-1 is to be driven to emit light 
or not is made according to the level of the data signal D M . That is. where the data signal D H is logically 
high, the print mode decision circuit 21 -1c outputs a logically high signal, while where the signal D M is 
logically low. the circuit 21 -1c outputs a logically low signal. Where the output of the circuit 21 -1c is high, 
the transmission gate T M is energised to pass the gate bias voltage V GG as the signal OSi therethrough to 

/5 the P channel field effect transistor F 0S i. which, in turn, is energised. At the same time, the correction code 
data signal in the form of B<*. B»3. B« 2 and Bi- is supplied to the control and level shifting circuit 17-1. 
Where the bit Bti is high and the bits B^, Bi 2 and 8<« are low. the signal St a is set to be the gate bias 
voltage V GG while the signals S« 3 . S- z and Si< are set to be the source voltage V ss . In this case, the 
transistors F T) , Fr3, F T5 , F T 7. F T 9, F Tn , F T13 , F T15 of the digital-to-analog converter 18-1a are set to be off. in 

20 the present embodiment, the field effect transistor F 0S1 has the current capacity i 0 s» and each transistor of 
the digital-to-analog converter 18- 1a has the current capacity io, and therefore, the amplitude of the current 
supplied by way of an output terminal Oi of the current synthesising circuit 18-1 to the LED 19-1 becomes 
(ios + 8 i c ) in the case where only the signal St a is set to be the gate bias voltage V GG . 

Depending on the signals S-a. Si 3 . S. 2 . Si< the amplitude of the current i applied to the LED 19-1 

25 varies from iOS to (iOS + 15 io). 
ios * i S 'os +15 i c (1) 

Accordingly, by preparing correction code data, which represents the current amplitudes required to be 
supplied to the LEDs for compensating for the intensity of light emission by the LEDs, and storing such 
data in the ROM 12 before-hand, all of the LEDs can be adjusted to achieve a desired light emission 

30 intensity whereby unevenness of printing can be avoided or suppressed. In addition, since the unevenness 
of printing can be avoided by varying the current supplied to each of the LEDs, one line of printing can be 
performed using only one latch cycle. This allows the printing speed to be faster. In fact, the printing speed 
in the present embodiment may be three times as fast as that of the conventional print head. Furthermore, 
since the data signals do not need to be modified but are just transferred, and the correction code data 

35 signals are stored in the shift register 16 once only for establishing the current to be supplied to the LEDs, 
the programming and control of the micro-processor 1 1 can be simplified. Moreover, each dot in one line of 
printing can be controlled independently, either by modifying the correction code data for each dot pre 
stored in the ROM or by directly supplying desired correction code data as required. 

The effect of the provision of the P channel field effect transistor F ost for off-setting is as follows. The 

40 unevenness of light emission strength among the LEDs is expected to be approximately in the range of 
20%. Each of the LEDs emits light of an intensity in proportion to the current supplied thereto. Thus, the off- 
set transistor F 0 si is provided to supply current to the LEDs having an amplitude, which is the minimal 
value required to cause light emission by each of the LEDs, whereby only the unevenness of the emission, 
that is about 20% of the light emission intensity, is to be modified by the digital-to-analog converter 18- 1a. 

45 Accordingly, in the present invention, the unevenness of the light emission intensity among the LEDs can 
be suppressed to an extent, which is in the range of about 1%. 

Figure 6 illustrates an example of a layout on a semi-conductor chip of the drive circuit for a LED print 
head. As shown in the drawing, the integrated circuit chip is mainly divided into the following portions: a 
logic portion 50; a data shift register and latch circuit array portion 14, 15 wherein the flip-flops 14-1 to 14-m 

so and latch circuits 1 5-1 to 1 5-m are arranged in two rows; a correction data shift register and output control 
circuit portion 16, 17 wherein the partial shift register 16-1 to 16-m and control and level shifting registers 
17-1 to 17-m are arranged in two rows; an output circuit portion 18 consisting of the current synthesising 
circuits 18-1 to 18-m arranged in a line; and a pad portion 34 P wherein output terminals corresponding to 
the respective current synthesising circuits 18-1 to 18-m are disposed. 

55 Referring now to Figure 7, the semi-conductor structure of the current synthesising circuit 18-1 shown 
in Figure 4 will be described. As can be seen, the current synthesising circuit 18-1 comprises fifteen field 
effect transistors F T1 to F T , S , which are of the same shape and size and are formed on a substrate such 
that they are arranged in a row at the same intervals. More specifically, the transistors have strips of poly- 
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silicon providing gates G« to Gi* arranged in a row at the same intervals. An active region 30 extends along 
the row of the gates Gi to G«s except in the regions below the gates Gi to Gt$. The active region 30 can 
be formed by means of self alignment using the poly-silicon gates G< to G<« as a mask for ion injection. 
The channel length of the transistors is defined by the width of the pbly-siiicon gates Gi to Gi-. and the 

5 channel width is defined by the width of the active region 30. 

The off-setting P channel field effect transistor F OS i has a poly-silicon gate G OS i which extends in the 
form of a strip along the row of the transistors F n to F Tl5 . An active region 31 of this transistor F OS i extends 
in the direction of the row of the transistors F n to F T is and along the poly-silicon gate G 0 st- 

A source electrode line 32 applied with the source bias voltage V ss comprises a common electrode line 

jo 32a and eight source electrodes 32b. The common electrode line 32a is electrically connected to a P type 
source region of the active region 31 through a number of contact holes h arranged at the same intervals. 
The source electrodes 32b extend transversely from the common electrode line 32a at the same intervals 
and are parallel to each other. Likewise, a drain electrode line 33 comprises a common electrode line 33a 
and eight drain electrodes 33b. The common electrode line 33a is electrically connected via a number of 

75 contact holes h dispose : at the same intervals to a P type drain region of the active region 31 and is 
connected to a rectangular bonding pad 34 P1 forming the output terminal 0' . The drain electrodes 33b 
extend transversely from the common electrode line 33a at the same intervals and are parallel to each 
other. 

The poly-silicon gate G 0 si has one end which is electrically connected to an off-set gate line 34 
20 supplied with the gate signal 0 S i via the contact hole h. The poly-silicon gate G 8 of the transistor F T 8 
positioned at the middle of the transistor array is connected to a first gate line 35 supplied with the gate 
signal Si the gates G*, Gt 2 are connected to a second gate line 36 supplied with the gate signal Si 2. the 
gates G 2 . Gs, Gi 0 . G-* are connected to a third gate line 37 supplied with the gate signal Si 3. and the 
gates Gi. G 3 . G 5 , G 7l G 9 . Gi <, Gt 3 . G-s are connected to a fourth gate line 38 supplied with the gate signal 
25 S-i. respectively. 

Referring to Figures 8 (a) to 8 (d). the connecting structure between each of the first to the fourth gate 
lines 35 to 38 of the transistors will be described. As shown in Figure 8 (a), which illustrates the connecting 
structure between the transistor F T8 and the first gate line 35. the transistor F T8 comprises a channel region 
provided between the P type source and drain regions formed on an n type semi-conductor substate by 
30 diffusion, and the poly-silicon gate G 8 formed on a gate oxide film 39 deposited on the surface of the 
substrate. An insulating layer 40 is disposed on the poly-silicon gate G 8 and has a first layer line g 8 
deposited thereon. The first layer line g 8 is electrically connected via one contact hole h to the poly-silicon 
gate G 8 and via another contact hole h to the first gate line 35. which is a second layer line and is formed 
on an insulating layer 41. 

35 The poly-silicon gate G 7 of the transistor Fn. which is to the right of the transistor Ftb in Figure 7, is 
electrically connected via a respective contact hole h to a first layer line g 7 formed on the insulating layer 
40. The first layer line g 7 is electrically connected via a further contact hole h to a second layer line forming 
the fourth gate line 38, as shown in Figure 8 (b). Likewise, the poly-silicon gate Gs of the transistor Ft6 is 
connected to a second layer line forming the third gate line 37 via a respective contact hole h, a first layer 

40 line gs and a further contact hole h in this order, as shown in Figure 8 (c), while the poly-silicon gate G* is 
connected to a second layer linelorming the second gate line 36 via a respective contact hole h, a first 
layer line g* and a further contact hole h in this order, as shown in Figure 8 (d). The reference numeral 42 
denotes a protective layer. 

The relationship between the gate lines 35 to 38 (the gate signals Si 1 to Si 4 ) and the transistors F T1 to 

45 Fns is shown in Table 1 below: 


50 
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TABLE 1 


'5 


Transistor 

s. . 



S..i 

Bit No. 

F- 




o 

4{n ) 

F- 



o 


3(n-1 ) 

Fj 




o 

4(n) 

Fi 


o 



2 ( n-2 ) 

R 




o 

4(n) 

F* 



o 


3(n-1 ) 

F; 




o 

4(n ) 

Fs 

O 




1 

F 2 




o 

4(n ) 

F- : 



o 


3(n-1 ) 

F-. 




o 

4(n ) 

F-: 


o 



2 ( n-2 ) 

F-3 




o 

4(n) 

F^ 



o 


3 ( n-1 ) 

F'5 




o 

4(n) 

O: connected 


30 

As shown in Table 1 . the transistor F T8 is connected to the first gate line 35, which is supplied with the 
signal Si i or the first bit of the 4 bit serial signal. This transistor is positioned in the centre of the transistor 
array. The transistors F T(I and F n2 are connected to the second gate line 36. which is supplied with the 
signal Si 2 or the second bit of the 4 bit serial signal, these transistors being positioned symmetrically with 

35 respect to the middle transistor F^ in the transistor array. The transistors F T 2, F T 6, F10 and F T i4 are 
connected to the third gate line 37, which is supplied with the signal Si 3 or the third bit of the 4 bit serial 
signal. The transistors Ftb and F T i 0 are also positioned symmetrically with respect to the middle transistor 
F T8 in the transistor array, as are the other two transistors F T2 and F T)4 . The transistors F T i, F T3l Fjs, F-n, 
F T g, F Tt i, Fti 3 and F Tl5 are connected to the fourth gate line 38. which is supplied with the signal Sn or the 

40 fourth bit of the 4 bit serial signal. The transistors F T i and F T is. F T s and F T i3, F T5 and F T u, and F-17 and F T g 
are positioned symmetrically with respect to the middle transistor Fra in the transistor array, respectively. 
The advantage of the symmetrical arrangement of the transistors with respect to the middle transistor F T8 is 
as follows. 

Where the transistors F T1 to F T)S are formed on a semi-conductor substrate so that they are of the same 
45 shape and size and are arranged in a row at the same intervals, the transistors are expected to have the 
same current capacity. Unfortunately, in the process, such as a plasma etching process, for manufacturing 
the poly-silicon gates Gi to G15. unevenness in the shape of the gates and inaccuracy of mask alignment 
and the like may give rise to unevenness in the current capacity of the transistors. It has also been 
observed that the current capacity among the transistors arranged in a row exhibits a monotonic change in 
50 the direction of arrangement thereof, typically following a linear characteristic shown by the solid line in 
Figure 9. whereby the current capacity of the transistors decreases linearly in the direction from the 
transistor F T1 at one end of the transistor array to the transistor F T is at the other end thereof. 

If the transistor F T i is controlled by the signal Sn, the transistors Ft2 and F T3 by the signal St 2. the 
transistors F T4? F-rs, F re and Frr. by the signal Si 3, and the remaining transistors F T8l F Tg , T T10l F Tn , F T12 , 
55 F T13 , F T H and F T i5 by the signal S»4. respectively, the change in output current value does not, therefore, 
increase monotonically as shown by the broken line. 

More specifically, in this arrangement, since the transistors are of P type, the gate signal represents a 
binary "1 " in its logically low level and a binary "0" in its logically high level. As the 4 bit serial signal 
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increases in its value from "0001" to "01 1 r, the output current increases monotonicaily as shown by the 
broken line in Figure 9. However, the output current when the signal is "1000" is much lower than that when 
the signal is "0111". and at this point the monotonic increase in the current is broken. In other words, a 
maximum drop in the output current occurs when signal changes from 2 n *'-1 to 2 n '' in its binary form. In 

5 addition, the current at the points where the 4 bit signal is "1001" and "1010" is lower than at the point 
where the signal is "01 11". 

As described above, the unevenness in the current capacity of the transistors may cause a drop in the 
output current value of the digital-to-analog converter, which is not desirable. Consideration has. therefore, 
been given in the preferred embodiment as to how to accept the unevenness in the current capacity of the 

io transistors and yet avoid the above drop in the level of the output current. The uneven characteristics of the 
current capacity shown by the broken line in Figure 9 can be expressed by the following equation: 
U = 1 = - AI'N (2) 

wherein l 0 is constant. N is the order of the transistor counted from the left hand side of the lu transistor 
array, and Al is the change in current capacity between the adjacent transistors. 
/5 The transistor F T i has the current capacity !• provided by: 
I. = lo - A I (3) 

and the transistor F T is has the current capacity |. 5 provided by: 
1*5 = I a - 15 A I (4) 

In the digital-to-analog converter controlled by the 4 bit serial signal, the point where the current level drop 
20 is most likely to occur is in the transition from the value "0111" to the value "1000" of the signal. A 
condition by which the level drop can be avoided is defined by: 

7 I S 

25 Z ( Io - A I * N ) < E ( Io * A I • N ) • • (5) 


30 

which can be simplified to: 
Al < I o 64 (6) 

Accordingly, the change Al in the current capacity between the adjacent transistors must be sup- 
pressed to less than about 1.5% 1 64 x 100) of the current capacity of the adjacent transistor. The 

os higher the bit number of the digital-to-analog converter, the less the change Al must be. Unfortunately, a 
change in the current capacity of the transistors exceeding the above value Al is inevitably induced through 
the manufacturing process no matter how precisely the process control is carried out 

As mentioned above with reference to Figure 7. in the present embodiment, however, the transistors are 
arranged such that the transistor F T s having as gate input the first bit Si i of the serial signal is positioned in 

*o the centre of the array, and the transistors having as gate input the same bit of the serial signal are 
positioned symmetrically with respect to the middle transistor F T 8- With this arrangement of the transistors, 
the output' current varies as shown by the broken line in Figure 10, wherein the middle transistor F T s has 
the current capacity i and the output current value increases monotonicaily in response to the monotonic 
increase in the value "of the gate signal. The transistors Ft4 and F T12 , which receive the second gate signal 

45 Si 2. generate a current output amounting to 2i. and the transistors F T i. F T is. F T3. Fti3. f ts. Fni. Ft7 and 
Ftq. which receive the third gate signal Si 3, generate a current output amounting to 8i. That is. since the 
transistors receiving the same gate signal are positioned symmetrically in pairs with respect to the middle 
transistor F T8 having an average current capacity of the transistor array, one of the pair of transistors has a 
current capacity exceeding the average capacity by + N i, while the other one has a current capacity below 

so the average capacity by - N i. Thus, the total capacity of the pair of transistors amounts to 2i. According to 
the present embodiment, the unevenness in the current capacity of the transistors generated in their 
manufacturing process can be overcome or suppressed to the extent that linearity or monotonity of change 
in the output current with respect to the input signal is maintained. 

The above analysis is based on the assumption that the unevenness in the current capacity of the 

55 transistors exhibits linear characteristcs. Although this assumption can, of course, be applied in many cases, 
the possibility of the unevenness in the current capacity exhibiting monotonic characteristics represented 
e.g. by curves of secondary degree must also be considered. For example, such a curve having no turning 
points is shown by the solid line in Figure 11. In this case, the above arrangement of transistors can also be 
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applied to maintain the monotonity of the increase in the current output as shown by the broken line, 
although the linear characteristics of the current output are somewhat reduced. 

Figure 12 illustrates another example of the transistor arrangement, wherein thirty field effect transistors 
Fn to F r30 forming the digital-to-analog converter are of the same shape and size, and are arranged at the 

5 same intervals to form a transistor array. In this array, the gates of the adjacent transistors in each pair are 
connected to each other, that is (F n . F T2 ). (F r3 , F T4 ). (F T5 . F r6 ), (F^. F ra ). (Frg. F T)0 ), (F nt . F n2 ). (Fri 3 . F rt 4J. 
(Fn 5 . Fne). (F n7 . F m ). (F m . F T20 ). (F T2 i. Fr2 2 ). (F T2 3. F r24 ), (F T25 , F T25 ). (F T27 . F T28 ). and (F^. F T30 ) are 
connected together. Each pair of the transistors therefore functions as a unitary switching element. The pair 
of transistors (F T i5. Fri6) is located in the centre of the array and is supplied with the gate signal $♦ • . Other 

jo pairs of transistors which are supplied with the same gate signal are located symmetrically in the array with 
respect to this pair. More especially. (F TI3 . F T t 4 ) and (Fn?. F Tl8 ) are connected to receive the signal Si 4. 
(Frn. F n2 ). (F T ig. Ftso) are arranged to receive the signal Sn. (F r9 . F T io) and (F T2 i. F T22 ) are arranged to 
receive the signal Sn. (Fry. Frg) and (F^, F T24 ) are arranged to receive the signal Si z. <F T5 . F T6 ) and (F T2S . 
F T26 ) are arranged to receive the signal St*. (F T3 , F T4 ) and (F T27 . Ft2 8 ) are arranged to receive the signal 

/5 S-3. and (F TI . F T2 j and (F-^g. F T30 ) are arranged to receive the signal Su . 

This digital-to-analog converter, in which each transistor unit constitutes two or more transistors 
positioned adjacent to each other, functions substantially the same as that shown in Figure 4, and offers 
linear characteristics for the output current as shown by the dashed line in Figure 13. One of the 
advantages of the arrangement is that it enables the digital-to-analog converter to have a larger number of 

20 transistors in a limited space, for example where the output pad pitch is narrow, without decreasing the 
width of the channels of the transistors. 

Figure 14 shows another arrangement for the connections between the inputs for the gate signals and 
the field effect transistors in the digital-to-analog converter. In this instance, thirty transistors F T7 to F T30 so 
of the same shape and size are arranged in a row at the same intervals to form the transistor array. As 

25 shown in Figure 14, wherein the bit numbers of the 4 bit serial digital signal are denoted in parentheses, the 
transistors F T1 to F T30 are connected so as to receive the control signals Si 1 to Si 4 as follows: 



Ftis. Fti6 

• 



Ft14. Ft17 


• S13 


Fri3, Fti8 


• s. 4 

30 

Fn* F Tl9 • ' 


i Si: 


Ftu. Fj 2 o 


• Su 


Ftio- Fj21 

• 

• Sm 


Ft9. ?T22 

• 

• Sm 


F T8 . F t23 • • 

• 

• Si, 

35 

Fn. Ft 2 4 


• Sl4 


Ft 6 . F T2S • • 


• Si 3 


Ft5. Ft 2 6 

• 

• Sl4 


F T 4. F T27 • • 

• 

• S, 2 


Ft 3 , Ftzs 

• 

• Sl4 

40 

F T2 . F T29 • • 

• 

• S«3 


Fn. F T30 * * 

• 

• Si* 


In this transistor array again, pairs of transistors function as unitary switching elements, as in the transistor 
array shown in Figure 12. However, the two transistors forming each pair are not positioned adjacent to 
each other apart from the transistors F T ?s and F T is forming the unitary switching element located in the 

45 centre of the array. Each of the above pairs forms a respective unitary switching element, wherein the two 
transistors of each pair are positioned symmetrically with respect to the centre of gravity of the middle 
unitary switching element comprising the transistors F T is and F T16 . As to the expression "centre of gravity", 
since the transistors are of the same shape and size and are arranged at the same intervals in this 
embodiment, the centre of gravity of the middle pair of transistors corresponds to the centre point between 

so these transistors or the centre of the array. 

With reference to Figure 15, the positions of the transistors Fn to F T3 o are denoted by the bit numbers 
1 to 4 of the gate signal. The transistors F T ib and Ftm supplied with the gate signal Sn are spaced apart 
from each other by 15p and have their centre of gravity located at the centre of the array. The transistors 
F T ig and F^ have their centre of gravity displaced by 1p to the right of the centre of gravity of the 

55 transistor F T is and F^, and are supplied with the gate signal Si 4 Likewise, by picking pairs of transistors 
one by one either to the right or to the left next to the transistors F T18 and F T23l and then writing down the 
bit number of the gate signals supplied to the picked pair of transistors, the bit number pattern becomes as 
follows: 
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4-3-4- 2- 4- 3- 4- 1- 4- 3- 4- 2- 4- 3- 4 

This order is the same as that of the embodiment shown in Figure 4. 

The arrangement of the present embodiment also effectively assures a monotonic characteristic for the 
output current where the current capacity of the transistors exhibits an uneven characteristic represented by 

5 a curve of secondary degree having a turning point. An example is shown in Figure 16. wherein the 
transistors of the array have a current capacity characteristic shown by the solid line having a turning point 
at the middle. In this case, since the transistors F T8 and F T2 3 are positioned apart from each other by as far 
as 15p. the total current capacity of these transistors is approximately twice the average current capacity of 
the thirty transistors F T , to F T30 - This also applies to each pair of transistors spaced apart from each other 

/o by 15p. According to the present embodiment, the monotonic characteristic for the output current can be 
obtained even when the current capacity of the transistors varies according to a curve having a turning 
point. 

In the above embodiment, each unitary switching element may alternatively comprise three or more 
transistors which are positioned such that the centre of gravity of these transistors is situated at the centre 
/5 of the array, whereby a monotonic characteristic for the output current can be obtained where the current 
capacity of the transistors follows a variety of characteristic curves. Thus, the versatility of the drive circuit 
can be further improved. 

20 Claims . 

1. A drive circuit for driving plural printing elements of a print head for a printer, comprising a store (14) 
for receiving signals representing printing data for at least a portion of a line of print, output circuit means 
(18) responsive to such signals for generating plural outputs for driving the printing elements respectively 

25 for printing the at least a portion of the line of print, and output control means (17) responsive to 
predetermined correction codes for selectively adjusting the outputs whereby to compensate for variation in 
the characteristics of the respective printing elements and/or of circuit elements of the output circuit means 
for supplying the respective outputs, characterised in that the output control means and the output circuit 
means are arranged to co-operate such that the amplitudes of the outputs are adjusted according to the 

30 correction codes. 

2. A drive circuit according to claim 1 characterised by a second store (16) for receiving signals 
representing the correction codes, the output control means being arranged to receive the signals 
representing the correction codes and. in response to such signals, to generate corrected printing data 
signals. 

35 3. A drive circuit according to claim 1 or 2 characterised in that the output control means comprise 
plural circuit portions (17-1 to 17-m) each comprising a control circuit (21) for determining the printing mode 
of a corresponding one of the printing elements and a level shifting circuit (22) for generating control 
voltages for application to the output circuit means. 

4. A drive circuit according to any preceding claim characterised in that the output circuit means 
40 comprises means for generating plural current outputs of selectively adjustable current amplitude. 

5. A drive circuit according to any preceding claim characterised in that the output circuit means 
comprises plural circuit portions (18-1 to 18-m), each including a plurality of switching elements (F T t to F-ns) 
for controlling the supply of current from a current source. 

6. A drive circuit according to claim 5 characterised in that the switching elements of each output circuit 
45 portion are connected in parallel so as to form a current synthesising circuit 

7. A drive circuit according to claim 6 characterised in that each output circuit portion has a number N 
of the switching elements divided into n groups with the number of switching elements belonging to the i-th 
group being 2 M (wherein n<N, 1S i i n), each group of the switching elements being controlled by a 
corresponding bit of an n-bit digital control signal supplied by the output control means. 

so 8. A drive circuit according to claim 7 characterised in that the switching elements of each group are 
arranged symmetrically of the centre of the array of the switching elements and at equi-spaced intervals. 

9. A drive circuit according to any of claims 5 to 8 characterised in that each of the switching elements 
comprises at least one field effect transistor. 

10. A drive circuit according to any of claims 5 to 9 characterised in that each of the output circuit 
55 portions further comprises at least one off-setting field effect transistor (F 0 si). 

11. A printer having a print head (19) including plural printing elements (19-1 to 19-m), means (1,11 
and 12) for generating printing data and correction codes and for supplying signals representing such 
printing data and correction codes as outputs, and characterised by a drive circuit according to any 


13 



EP 0 367 550 A2 


preceding claim. 

12. A drive signal supply circuit for generating plural drive signals for driving, respectively, plural 
elements to be driven having a respective circuit block (19-1 to 19-m> for generating each drive signal, and 
characterised in that each circuit block comprises an array of switching elements (F n to F n s) connected to 

s one another m parallel so as to form a current synthesising circuit. 

13. A current supplying integrated circuit having plural outputs (01 to 0m) for controlling current supply 
from a current source to a plurality of elements to be driven, characterised by a plurality of switching means 
(18-1 to 18-m) for controllably supplying current from the current source to the corresponding element to be 
driven, each of the switching means having a plurality of switching elements (F n to Ft^) connected in 

jo parallel so as to form a current synthesising circuit, each of the switching elements having substantially the 
same current capacity. 

14. An electronic device for controlling a plurality of elements which are controlled in their driving state 
by the level of electric current applied thereto, characterised by means (17) for receiving output data signals 
and correction data signals, and current supplying means (18) arranged to be controlled in response to said 

is output data signals and said correction data signals, said output data signals determining whether said 
current supplying means is to drive a corresponding element and said correction data signals determining 
the level of the electric current supplied by said current supplying means for driving said corresponding 
element, whereby said current supplying means produces currents of selected levels for driving said 
elements to be driven. 

20 15. An electronic device for controlling a plurality of elements which are controlled in their driving state 
by the level of electric current applied thereto, comprising data signal generating means (1) for generating 
data signals based on which said elements are to be driven, correction data generating means (12) for 
generating correction data signals, data storage means (14. 15) for receiving said data signals from said 
data signal generating means and storing them, and characterised by means (17) for receiving said data 

25 signals stored in said data storage means and said correction data signals from said correction data 
generating means and. in accordance with said received data, controlling current supplying means (18) for 
driving said elements, said current supplying means being arranged to be controlled by said data signals 
for determining whether to drive a corresponding element and by said correction data signals for 
determining the level of the electric current supplied for driving said corresponding element whereby to 

30 produce currents of selected levels for said elements to be driven. 


35 


40 


45 


50 


55 


14 


EP 0 367 550 A2 



EP 0 367 550 A2 


FIG. 2 


MT£6XAT£D C/#C£//T 
a2€ L£~D 


Pi 


0 2 


V<S6 


/Sal 
14b^ 


r 


• • • 


16 -U 


rC 


AS 


c 


5/2 


D 4 


- C 


iff 


a// 


i 


13 


D. Q 


rC 


4* 


D Q 


8# 


o 5 


rC 


621 


C -15-1 


DM 


nC 


Uj2 


tl 


17 


.L ! 


15 


V15-1 



DO 

., 


* 1 

: i 

L_Lc 

C 

-14-1 r 

C 



(4- 


EP 0 367 550 A2 


FIG.3 


17- 1 


22-tc 


22-k 22-tc 22-fc 22-tc 
0S) \ 3 f4 \ 6 f3 [ Si 2 J S„ 


V<BG 


Tm 


7lf 


22-td 


fy' fr~ P~~ fr"" • fr 1- ' 


H8h 


H8h 


i 


22-1 


22-16 
22-td. 


22-tb 


21-t Jfehte W21-1JL W2f-td^2t-td^ 2t-fd 



C21-1 



EP 0 367 550 A2 


FIG. 4 


ts-f 


5 /f > 


$72 > 


5/3 >- 
5/4 > 


U I J Los 


fns 


Fr/4 


F7/3 


£7/ 


a 


\FT8 


£7 


IT 


DAC 


~ fit 


19-1 


EP 0 367 550 A2 


A 


X 


X 


V 


^3 


^3 


I 

.5 


1 

<0 


5 


1 


Is 

5 


5 

5 


NJ 

1 

NJ 


I 


EP 0 367 550 A2 


FIG. 6 





FIG. 81b) 42 F T/ 



32a. 



if?X: fast P f 


N a ( 39^40 



fig. 9 


x 


Io 


(Mi) 2 > 

/ 

/ 

0no) 2 / 

y 

/ 

/ 

f(ffo»z 


(0M\ 


(OHO) Z I \ / 00 '0\ 
(o,oi)J \ fa)* 


pot0 2r ^ 4 '(o;oo) z 

/ 

i 

(001$ J 

(oooL 


v; 


HFT15 


1 2 3 4 3 G 7 Q 9 10 11 }Z 13 14 f£ 
POS/r/OA/ or T/?4A/s/sro/?s 


I 

k 


EP 0 367 550 A2 


FIG. 10 



EP 0 367 550 A2 


FIG. I I 


k 

I 

k 

I 

1 


6111)2. , 

s 

y 

Aim)t 

/(1101) Z 

/(1100)z 
/(1011) 2 

S( 10J0) t 
■ /(iOOO-L 
' /(M0)z 

/(Q110\ a--S,2 
/(0t0t)t o— 5/5 

/(QtOOh * — S/4 

/(001t) z 

Frt /(O0(o) t Ft£P -- c c 


J ! 1 I » ' 


f 2 3 4 5 6 7 8 9 /O 11 12 13 14 /S 
P0S/T/0M Of T#JM5/STO#S 


I 


- a * 


EP 0 367 550 A2 


FIG. 1 2 


S, 2 >- 
Sl4 > 


fT3d 
FrZ9 

Frzs 

FTZ7 

Frz6 

FT2S 

fT24 

fT23 

F/22 

FlZ1 

Frzo 

Fr/9 
Fr/a 
frf7 

-Fm 

Frff 

Ft/4- 

Fr/3 

Fm 

Fr/1 

Ftw 

Fr$ 

Fra 

FT7 

Ft6 

Fts 

Ft* 

Frs 

Frz 

Fn 


VSS Of 


EP 0 367 550 A2 


FIG. 1 3 


i 

1 (0/to)z 

I 

/ 

/ 

/ 

/ 



' ' — i — i 1 1 I > ■ . . . r ... i ..... , 

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 


\ 


FIG. 14 


EP 0 367 550 A2 


Sff > 


S/2 >- 


5/4 >■ 


s. - 


J_3~ 


U 


JZT 


X3" 


jzj- 


J=3 


±3 


_C3 


JZJ 


r~r 


f~r 
-Q = 
J=lr 


^—\fT28 (4) 

y~fT2(; (4) 

y-^trzs (3) 

frz4 (4) 

fTZ3 (1) 

f T22 (4.) 

1 — fT21 (3) 

frza (4) 


T~ 1 —\fr/9 (2) 

F ri8 (4) 

t=r/7 (3J 

y-\ f T/6 (4) 

tTIS (4) 

F J14 (3) 

fr/3 (4) 

?TH 
' F TfO 


FT3 


(2) 

(4) 
{3) 
(4) 
(D 

w 
(?) 

(4) 
(2) 
(4) 


»2 /5j 

/9y fc) 


EP 0 367 550 A2 


FIG. 15 


<3> 


-© 


1 1 1 1 1 1 1 1 1 1 1 


1 1 1 1 1 1 1 1 1 


A3 4-24 3 4- I 4 3 4 2 4- 34- 4 3 4 2 4 34- 1 4 3 4 24 34 


p 


i i i i i i 


i_LL 


! i ii i ii M 
<D- 1 


i 


?T30 


=3> 


♦ • • 



pos/t/oa/ or 7~<e4/i/s/STo/es 


EP 0 367 550 A2 


1 


Si 

I 




This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document- are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□'FADED TEXT OR DRAWING 
3i$LURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 


